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AN INV2STIGATION OF THE MUTTJAL INTKFLFEXEl?CE EFFECTS 05' A 

TAIL-SURFACE - STEXJ PROPELLES IITSTALLATIOX ON k 

MOGEL SIMULATIWS ThE D O U G U S  Y23-42 ENPDJNAGZ 

By Tial ter  A. B a r t l e t t ,  Jr. and Al f r ed  A .  I:arino 

The mutual i n t e r f e r e n c e  e f f e c t s  o f  t a i l  s u r f a c e s  
and a s t e r n  p r o p e l l e r  were i n v e s t i e a t e d  on a model r ep re -  
s e n t a t i v e  o f  t h e  empennage and p r o p e l l e r  i n s t a l l a t i o n  o f  
t h e  XE-42 a i r p l a n e .  The t e s t s  were conducted p r i m r i l y  
t o  d e t e m d x e  t h e  e f f e c t  of t a i l - s u r f a c e  - p r o p e l l e r  
spacjng upon t h e  p e r i o d i c  t a i l - s u r f a c e  loac2'ing c o i n -  
c i d e n t  w i th  p r o p e l l e r  blade passage, 

I n  the  s t a t i c - t h r u s t  condj-tion, i n s t an taneous  p r e s -  
su re  d a t a  were obta ined  a t  p r o p e l l e r  b lade  a n c l e s  02  2a0, 
30",  and 40' over  a range o f  p r o p e l l e r  r n t a t i 3 n a l  speeds 
and t a i l - a u r f a c e  - p r o p e l l e r  spac ings .  The e f f e c t  of 
b l ade  angle ,  t a i l - s u r f a c e  - propeller s p a c i q ,  angle  of 
a t t a c k ,  and c o n t r o l - s u r f a c e  d e f l e c t i o n s  on the  i n s t a n -  
taneous and average p r e s s u r e s  on  the  t a i l  s u r f s c e  and an  
pro_nel le r  aerodynamic c h a r a c t e r i s t i c s  were ob ta ined  i n  
b o t h  p o s i t i v e  and nega t ive  dynamic t h r u s t .  

The p r e s s u r e  impulses 011 t h e  c o n t r o l  s u r f a c e s  due 
t o  p r o p e l l e r  b lade  passage we?e found! t o  i n c r e a s e  w i t h  
p r o p e l l e r  r o t a t i o n a l  ,.peed o r  blade ang le ,  o r  with 
dec reased  t a i l - F u r f a c e  - p m p 6 l l e r  sFaciny 12 bo th  q t a t f c  
s a d  p o s i t i v e  dynamic t h r u s t .  The ef i 'ccc of Sladc-ai;gle 
change was Eo't i n v e s t i g a t e d  i n  nega t ive  t h r u F t ,  b u t  
o therwfse  t h e  behavior  of the p re s su re  impulse n a p  com- 
p a r a b l e  t o  t h a t  i n  p o s i t i v e  t h r u s t .  

Average preaFure d i s t r f b u t i o n s  ob ta lned  a t  t w o  
chordwise ? t a t i o n s  on t h e  l e f t  e l e v a t o r  i n d i c a t e d  t h a t  



t h e  c o n t r o l - r u r f a c e  e f f e c t i v e n e s s  Inc reased  w i t h  I nc reac -  
iy; t h r u s t  c o e f f i c i e n t  and decreased  with i n c r e a s i n g  
m3~~at1.c7e- t h r u p t  c o e f f  s c i e n t .  

e f f i c i e p c y  Df t h c  s ix -b lade  d u a l - r o t a t i n g  p r o p e l l e r  i n  
the  l o w  V/nP range ,  i n c r e a s e d  i t  i n  t h e  h i g h  V/rD 
;.aizge, and on ly  s l i g h t l y  a fFec ted  t.he n e g a t i v e  - t , i rust  
c h a r a c t e r i s t i c s .  Vvithin the  ang le -o f -a t t ack  range invee-  
t 'pated,  t h e r e  was no change i n  thc n e g a t i v e - t k n i F t  chzr -  
a c t e r i s t i c s  of t h e  s ix -b lade  a u a l - i w t a t i n g  p r o p e l l e r .  

Ai1 e l e v a t o r  d e f l e c t i o n  c f  20° decmaaed  the  envelope 

A t  t h e  requeqt  o f  t h e  A x q  A 4 r  Forccc,, ::ater:el 
Conxand, t e s t e  have ' c e m  canciicted i n  the p r 2 y e l l e r -  
r e sea rch  t u n n e l  a t  t h e  Langley ?Jc,.,ior,ial L e r J n L u t i c r l  
Llaboratorg t a  o b t a i n  ir?f'orrr,at!oi? a p p l i c a b l e  t o  t h e  XE-42 
a f r p l a n e  concern ine  t h e  mutual i n t e r f e r e n c e  e f f e c t ?  o f  
t a i l  s u r f a c e s  and a ? t e r n  p r o p e l l e r .  A s i m p l i f i e d  model 
used i n  t h i s  l n v e s t i g a t l o n  ~ f r r l u l a t e d -  0 ~ 1 y  t h e  p m p e l l e r  
and empennase a r r a n g e r e n t  o f  t he  a5 i-planc. 

p3vvered by  two A l l i s o n  W-1710-9Z ( E l l )  e:ipir!eB mhich d r i v e  
a d u a l - r o t a t i n g  p r o p e l l e r  mounted behind t h e  t a i l  s u r f a c e s .  
The p r o p e l l e r  i s  made up of two thrce-SlaCie u n i t s  o f  t h e  
C u r t l s s  836-17C2-18 and 837-17C2-18 des ign ,  r i p h t -  and 
l e f t -hand ,  r e s p e c t i v e l y ,  The engine? ,  mounted s i d e  by 
s ide  i n  t h e  fuse la f re ,  a r e  i n d i v i d u a l l y  connected t o  t h e  
three-b lade  u n i t s  gf' t h e  p r o p e l l e r .  I t  i r  advantage3us 
t o  l o c a t e  the  p r o p e l l e r  h e  c l o s e  t o  tl-e t a i l  s u r f a c e s  
a s  p o s s i b l e  from weight and ba?ance c o n s t d e r a t l o n s ;  i n  
t h i s  p o s i t i o n ,  however, t h e  c o n t r a 1  s u r f a c e s  exper icnce  
severe in s t an taneous  loads .  

The Dough:. XP-42 a l r p l a n e  i s  a l i z h t ,  rniewing bo?iber 

I t  was t h e  priciarg ;,urp?se of t h e s e  t e F t F  t o  d e t e r -  
mine the  e f f e c t  of t a i l - s u r f a c e  - ; i rope l l e r  spacinf.: on 
t h e  magnitude of t h e  p e r i o d i c  t a i l - s u r f a c e  1Qadjng co in -  
c iden t  w i t h  p r o p e l l e r  b l a d e  pasaage. The average F r c s -  
sure d i s t r i b u t i o n s  on t h e  e l e v a t o r  Iora v a r i o u s  comSina- 
t i o n E  of  c o n t r o l - s u r f a c e  d e f l e c t f o n  and. the  aerodynamic 
c h a r a c t s r i e t i c s  of t h e  p r o p e l l e r  o p e r a t i n g  a t  b o t h  
p o s i t i v e  and nega t ive  t h r u s t  w e r e  a l s o  rnetlPured. 
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A prev ious  i n v e s t i g a t i o n  o f  ' the  p e r i o d i c  t a i l - z u r f a c e  
load ings  a p p l i c a b l e  t o  the  XB-42 a f r p l a n e  wae p rezen ted  
i n  r e f e r e n c e  1. 

Model.- The J E - 4 2  t a i l - p r o p e l l e r  i n t e r f e r e n c e  model 
c o n s i s t e d  of a s t r eaml ine  body upon which pusher  p roge l -  
l e r s  were mounted 6 i r ec t . l y  behind v e r t i c a l  arid h o r i z o n t a l  
s u r f a c e s  a s  shown i n  f i p r e  1. The propellere were 
dr4ven by two 25-horsepower motors mounted w i t h i n  t h e  
n a c e l l e .  

The t a i l  s u r f a c e s  were c o n s t r u c t e d  o f  wooden ?pars  
and r i b s  covered with ahee t  aluminum. k l e a d  weicht  was 
mounted a t  the  t i p  of  each su r face  t o  rediice t h e  n a t u r a l  
f requency of  t h e  t a i l  sur faces .  The o r d i n a t e s  of t h e  
t a i l  s u r f a c e s  conform t o  t he  EACA 0009 s e c t i o n .  The 
mean geometri.c chord o f  the  e l e v a t o r  was 46 .6  pe rcen t  of  
t h e  mean g e o n e t r i c  chord o f  t h e  e n t i r e  h s r i z o n t a l  t a i l  
s u r f a c e .  The mean geometric chord o f  t h e  1-udder- was 
41.4 p e r c e n t  o f  the  mean geometric chord o f  t b e  e n t i r e  
v e r t i c a l -  t a i l  s u r f a c e .  It was p o s s i b l e  t o  ? e t  t he  e l e -  
v a t o r s  i n  5' increments  f r o m  -20' t o  20' and t h e  rudde r s  
i n  5' increments  f r o x  -10' t o  l.OO. Rudder and e l e v a t o r  
a n g l e s  a r e  cons idered  p o s i t i v e  when t h e  t r a i l i n s  edges 
a r e  d e f l e c t e d  t o  t h e  l e f t  a n d  down, r e F p e c t i v e l y .  The 
gaps between t h e  f i x e d  and movable t a i l  s u r f a c e s  were 
unsea led .  The l o n g i t u d i n a l  p o s i t i o n  o f  t h e  t a i l  s u r f a c e s  
could  be  changed a s  shown i n  f ig l i re  1. 

3155-6 des ign)  was used i n  a l l  t e s t s  i n  which the  changes 
i n  t a i l - s u r f a c e  inFtantaneou? p r e s s u r e s  caused by b l a d e  
passage were measured. The use o f  a s ing le -b lade  p r o s e l -  
l e r  w a s  necesea ry  t o  provide  adequate spac ing  af p r e s s u r e  
impulses  as recorded  on the  films. The geometric cha r -  
a c t e r i s t i c s  of t h e  b lade  are given I n  f i g u r e  2, and a 
photograph of t he  p r o p e l l e r  i n s t a l l e d  on t h e  model f o r  
wind-tunnel t e s t s ,  i n  figure 3. 

i n v e s t i g a t i o n  of  t h e  propuls5 .v~~ e f f i c i e n c y ,  nega t ive -  
t h r u s t  c h a r a c t e r i s t i c s ,  and average p r e z s u r e  d i s t r i b u t i o n s  
on the t a i l  su r f aces .  The p r o p e l l e r  b l a d e s  were o f  t h e  
Hamilton Standard 3155-6 and 3156-6 des ign ,  r i g h t -  and 

A r igh t -hand one-blade p r o p e i l e r  (Earnilton S tandard  

A s ix -b lade  d u a l - r o t a t i n g  p r o p e l l e r  was used i n  t h e  



l e f t -hand ,  r e F p e c t i v e l p ;  t h e i r  geometr ic  c h a r a c t e r l s t i c s  
% r e  pj-ven i n  f i g u r e  2.  Tn a l l  t e s t s  a t  po3Ltive t h r u s t ,  
t h e  r igh t -hand  ( f r o n t )  p r o p e l l e r  w e s  s e t  a t  even v a l m ?  
of b lade  angle ,  wkiile the l e f t - h a n d  ( r e a r )  propeller w 9 ~  
s e t  t o  ab?Jrb the  game power as t h e  f r o n t  p r o p e l l - e r  a t  
peak e f f i c i e n c y .  I n  t h e  t e s t s  a t  n e g a t i v e  t h r u s t ,  b o t h  
p r o p e l l e r s  were s e t  a t  t h e  same b l a d e  ang le .  The 
d i s t ance  between c e n t e r  l i l i e s  o f  t k e  pTaopeller d i s k ?  was 
approximately 10 inche3.  The r o t a t i o n a l  c2eedz o f  53th 
t h e  f r o n t  an6 reap propel1ei.e were equal  throughout  t h e  
t e s t s .  A photograph 0 2  t he  sfx-blade dxLa l - ro t a t ing  pro- 
p e l l e r  i n s t a l l e d  on t h e  model i s  s h w n  I n  f j g u r e  4 .  

e f f e c t  o f  b l ade  paseage cn  t h e  l o a d i n ?  of t h e  t a i l  
sur faces :  

Ins t rumenta t ion . -  Two methods were m e d  t o  rxeasure --- 

1. O r i f i c e s  on opposite s i d e s  o f  t h e  eor i t ro l  s u r f a c e s  
a t  t h e  p o i n t ?  shomn i n  f igiJre  1 were d i f f e r e n t i a l l y  con- 
nec ted  t o  p r e s s w e  c e l l s  l o c & t e d  a? c l ~ ~ e  t o  t h e  o r i f l c c s  
as f e a s i b l e .  A pressure i l rqulse  a t  e i t h e r  o r i f i c e  d l s -  
p l aced  a diaphragm of  the  inuividuc.1 cells; t h i s  nove- 
ment, except  f o r  t h e  ? e l l s  a t tacLeL t 3  t h e  t r a i l i n ? - e d g e  
o r i f i c e s  on t h e  I-udder, was r e l a g c a  Teckanically t o  the  
photographic r eco rd ing  equipr-ent.  A t  o r i f i c e ?  1, r3ws A 
and R ,  t h e  diaphragm movement e f f e c t e d  ckanpes i n  t h e  
inductance of an e lec t ; . i ca l  c9rcuPt  and t h i s  change was 
recorded. I n s t a l l a t i o n  photographs a r e  p r e s e n t e d  i n  
f i g u r e  5. 

2. Ealsa-wood tabs mounted i n  each e l e v a t 3 r  were 
a t t a c h e d  t o  t h e  t a i l  s i i r facec w i t h  i u r a 1  s o r i n g s  upon 
which Zaldwin SDuthwark type C - 1 0  s t r a i n  pages were 
a t t ached .  (See f i g .  6 . )  Df rec t  c u r r e n t  wa,o f e d  i n t o  
t h e  ga re?  and any i n s t an taneoLs  n r e ~ s u r e  d i f f  F r e n t i a l  
a c t i n g  o n  the  ta3F e f f e c t e d  changes i n  vo l t age  a c r o s s  
t h e  pages.  This  f l u c t u a t i n g  v o l t a g e  wae a m 7 l i f i e d  i n  a 
Sper rg  a m p l i f i e r  and recorded  on a ? , : i l l e r  oFc i l lgg raph .  - 

To reduce the  p o s s i b i l i t g  of rESonance e r r o r  b e i n g  
introduced i n t o  reading3 t aken  w i t h  t h e  i n s t m t a n e o u s  
p re s su re  measwing  dev ices ,  t h e  f requency of t he  ip2ressed 
in3 tan taneous  pres.nure was he16 well be low the  r e soaan t  
range of t h e  i n s t r m e a t s .  The n a t u r a l  f r e q u e c c i e s  Df 
t h e  v a r i o u s  ir istruments were 120 c y c l e s  p e r  Rccond f o r  
the  p r e s s u r e  pickups ana 250 c y c l e s  p e r  seconZ for t h e  
s t r a in -gage  ( t a b )  i n e t a l l a t i o n .  The n a t u r a l  f requency 
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o f  the  t a i l  s u r f a c e s  wa,s h e l d  t o  8 c y c l e ?  ~ e r  second so 
t h a t  afiy p u l s a t i o n s  due t o  su r f ace  v i S r a t i m  could be 
d i f f e r e n t i a t e d  e a s i l y  from t h e  p re s su re  i n p u l s e  wave. 

device2 x a s  kept  a ?  h igh  a s  p r a c t i c a b l c .  S t a t i c  o r i f f c e s ,  
1/8 inch  i n  d iameter ,  were connected t o  t h e  v a r i o u s  pickup 

of t ub ing  used t o  connect t he  var ious  o r i f i c e s  t o  t h e  
p ickup elements  were 4 f e e t  f o r  t h e  t r a i l i n g - e d g e  o r i -  
f i c e s  and 8 f e e t  f o r  a l l -  o t h e r  orLi ' i ces .  The s h o r t e r  
l e n g t h  o f  tub ing  would tend  t o  i n c r e a s e  t h e  accuracy  of 
t h e  t r a i l i n g - e d g e  pre23ure r e c o r d e r s  as  t h e r e  would be 
l e s s  l a g  between t h e  o r i f i c e  arid measuring device .  The 
complete i n s t a l l a t i o n  was c a l i b r a t e d  for a t t e n u a t i o n  o f  
t h e  p r e s s u r e  wave by apply ing  a known pressin'e a t  ,several  
frequencies t o  the  i n s t a l l a t i o n ,  

The frequency respor,se of t h e  i n e t h n t a n e c u s  press i i re  

e lements  w i t h  --inch 3 ins ide-d iameter  t ub ing .  The l e n g t h s  
16 

The occurrence  o f  ins tan taneous  l o a d s  w a s  c o r r e l a t e d  
wi th  p r o p e l l e r  p o s i t i o n  by a timine; device  c o n F i s t i n g  of 
two s t a t i o n a r y  copper brushes  r i d i n g  on a s t e e l  r l n g  
which r o t a t e d  w i t h  t he  p r o p e l l e r  ? h a f t .  A b a k e l i t e  i n s e r t  
i n  t h e  ring c a w e d  a Sreak  i n  the t i r i n r  c i r c c i t  f o r  each 
s h a f t  r e v o l u t i o n  t r i p p i n g  t h i n g  yolenoici3 i n  the  v a r i o u s  
r eco rd ing  in s t rumen t s .  

The average chordwiFe press ine  d i s t r i b u t i o n s  a t  two 
spanwise s t a t i o n s  on the  l e f t  e l e v a t o r  were ob ta ined  by 
t h e  p r e s s u r e  b e l t  technique descr ibed i n  r e f e r e n c e  2. 
The l o c a t i o n  of t h e  p r e e m r e  b e l t s  on t h e  model i s  shown 
i n  f i g u r e  1; the  inboard  and the outboard  b e l t ?  were 
l o c a t e d  a t  52 and 82  p e r c e n t  of t h e  p r o p e l l e r  r a d i u s ,  
reFpec t1ve ly .  
as f i g u r e  7. 

A photograph o f  t h e  i n s t a l l a t l o n  i s  g iven  

Tests . -  S t a t i c  t h r u s t  t e s t s  were conducted on a 
ground s t a n d  and measurements o f  t h r u s t ,  power, and 
i n s t a n t a n e o u s  pregsure  were obtalned.  TeFte were run  
a t  wind speeds n o t  exceeding 5 m i l e s  p e r  h9ur.  
range ,  t he  s l o p e s  of t he  t h r u s t  and power curves  vary  
d i r e c t l y  w i t h  a i r  v e l o c i t y ,  p e r m i t t i n e  a Finple  v e l o c i t y  
c o r r e c t i o n  t o  t h e  c o e f f i c i e n t s .  

In t h i s  

The dynamic t h r u s t  t e s t s  were conriucted i n  the  
p r o p e l l e r - r e s e a r c h  t u n n e l  a t  sirsp)eeds up t o  92 mj.les 
p e r  hour .  Thrus t  and power were measilred a v e r  t h e  



opera t ing  range o f  t h e  p r o p e l l e r  I n  a d d i t i o n  t o  meas- 
urements c,f instantaneous and average p r e s s u r e s  on  t h e  
t a L l  s u r f a c e s .  The angle-of-at tacl ;  range f o r  t h e s e  
t e s t s  wcs f r o m  5' t o  -10'. T o  mlnirnize t h e  e f f e c t s  af' 
s t r u t  f r - i terference> l a r g e r  negatiTTe thai l  p o s i t i v e  ang!.ea 
of a t t a c k  were t e s t e d .  

SYMBOLS 

The 

AP 

f o 11 ow i ne symbols a1.e used i n  t h i  P r e p o r t  : 

peak presFure d i f f e r e n t i a l ,  measixred a t  s t a t i c  
o r i f i c e s ,  pounds p e r  square f o o t ,  cons ide red  
p o s i t i v e  i f  i t  inipar ts  a p o s i t i v e  r o l l i n g  
roment t o  t h e  model 

P mass d e n s i t y  o f  a f r ,  s l u g s  p e r  cubic f o o t  

0 r e l a t i v e  d e n s i t y  ( p/O .002378) 

f ree-s t rezrn  dyfiaaic prssqurel pound: p e r  aquare 
f o o t  

h p h 0  peak p r e s s u r e  c o e f f i c i e n t  

P l o c a l  s t a t i c  p r e s s u r e ,  pounds p e r  ?quare f o o t ,  
s u b s c r i p t s  3 and 1, denote  upper and 
lower s u r f a c e s ,  r e  spec t i v e l y  

f r ee - s t r eam s t a t i c  p r z s s u r e ,  pounds per' square 
f o o t  

PO 

IT t t o t a l  peak load-  on t a b ,  pounds 

A t  a r e a  of t a b  (L1.429 square f o o t )  

average peak p r e s s u r e  impulse o n  tab ,  pounds - W t  
p e r  square f o o t  

Apt - At 
Apt/q, 

v v e l o c l t y  o f  2ir stream, f e e t  p e r  eecor,d 

peak p r e s s u r e  c o e f f i c E e n t  on t a b  

Te e f f e c t i v e  t h r u s t ,  pounds 

P power zbsorbed by p r o p e l l e r ,  foot-pounds p e r  
second 



MR N O *  L,4K09 

V/nD 

d 

U 

m 

P 

pn3D5 
c p = -  

'T V 
q = -  - Cp nD 

p r o p e l l e r  r o t a t i o n a l  speed, rpm 

p r o p e l l e r  r o t a t i o n a l  speed, r p s  

p r o p e l l e r  r a d i u s ,  f e e t  

p r o p e l l e r  diameter,  f e e t  

b l ade  angle  a t  0.75R, deg rees ,  s u b s c r i p t s  F 
and R denote f r o n t  and r e a r  p r o p e l l e r s ,  
r e s p e c t i v e l y  

p r ope 1 1 e r' 8 dvanc e - df ame t e r ra t  i o  

d i s t a n c e  between p o i n t  o f  p r e s s u r e  measure- 
ment and. c e n t e r  l i n e  o f  t h e  s ing le -b lade  
p r o p e l l e r ,  inches  

angle  of a t t a c k ,  v e r t i c a l  anFle  between 

e l e v a t o r  d e f l e c t i o n ,  degrees ,  t r a i l i n g  edge 

t h r u s t  a x i s  and a f r  stream, degrees  

down i s  p o s i t i v e  

rudder  d e f l e c t i o n ,  degrees ,  t r a i l i n g  edge 
t o  l e f t  i s  p o s i t i v e  

t h r u s t  c o e f f i c i e n t  

t h r u s t  d i s k  loading  c o e f f i c i e n t  

power c o e f f i c i e n t  

p r o p u l s i v e  e f f i c i e n c y  

RESULTS AND DISCUSSION 

The d i s c u s s i o n  o f  t h e  r e s u l t s  of  t h e  t a i l - p r o p e l l e r  
i n t e r f e r e n c e  model t e s t s  dea l ing  w i t h  t h e  e f f e c t  of t h e  
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p r o p e l l e r  on t h e  t a i l  s u r f a c e s  i s  p r e s e n t e d  i n  two sec-  
t i o n e  d e a l i n g  i n  t u r n  wi th  ins tan taneou,Q p r e s s u r e  
impulses and average t a i l - s u r f a c e  p r e s s u r e  d i s t r i b u t i o n s .  

The r e s u l t s  o f  t e s t s  made t o  determine the q f f e c t  
of t he  p o s i t i o n  D f  t h e  t a i l - s u r f a c e  and c o n t r o l - s u r f a c e  
d e f l e c t i o n  on t h e  aerodynainfc c h a r a c t e r i s t i c s  of a s i x -  
blade d u a l - r o t a t i n g  p r o p e l l e r  a r e  p r e s e n t e d  i n  t h e  f i n a l  
s e c t i o n  of  t h i s  d l scuss ion .  

A l i s t  o f  f i g i i r e s  which p r e s e n t  t e s t  r e s u l t ?  i s  
I 

given i n  t a b l e  I. 

Ins t an taneous  Pressure2 

The aerodynamic l o a d  o n  a s u r f a c e  mounted ahead of 
and very  c l o s e  t o  a n  o p e r a t i n g  p r o p e l l e r  may be con- 
s i d e r e d  i n  two p a r t e :  ( 1 )  a Fteady load  which i s  d e t e r -  
mined by the  .geometry o i  t he  Lourfaze, the a t t i t u d e ,  and 
averape v e l o c i t y  i n  which i t  o p e r a t e ? ;  and ( 2 )  an  irrpulse 
load  exper ienced  when the  s u r f a c e  i s  i n  t h e  *ivmediate 
proximity of the  i n d i v i d u a l  p r o p e l l e r  b l a d e ? .  The 
g r e a t e r  p a r t  o f  t h i s  i n v e s t i r a t i o n  i s  concerned wi th  
e v a l u a t i n g  the  second component wkfch  :F cauoed b y  t h e  
sudden chanye i n  flow o v e r  t h e  s w f a c e  as  the  f l o w  f i e l d  
about the  p r o p e l l e r  S l a d e s  i-s superimpoFed on t h e  s t e a d y  
f l o w  i n  t h e  f r e e  s t ream. 

Typica l  p r e s s u r e  rccoTds ,  presented.  i n  f i g u r e  8, 
show that  t h e  s u r f a c e  i s  s u b J e c t e d  t o  a l t E r n a t i n g  
frxpulses w i t h  each b lade  passage.  The p o s i t i o n  o f  t h e  
blade r e l a t i v e  t o  the  t a i l  s u r f a c e  a t  tb,e Dccurrence of  
t h e  peak pree.sures was ob ta ined  from nt ra ln-cage  r e c o r c s  
by c o r r e l a t i o n  w i t h  t h e  t imer  xarks irnpreFsed on f i l m  
as the  b lade  passed  a known p o s i t i o n  i n  i t s  r e v o l u t i o n .  
The f i r s t  peak p r e s s u r e  d i f f e r e n t i a l  occu r red  when t h e  
c e n t e r  l i n e  of the  approaching b l a d e  w a s  approximately 
15' from t h e  t r a i l i n s  eage o f  t h e  ta i l .  Fur face ;  t h e  
second peak occur red  when t h e  b l ade  c e n t e r  l l n e  was 
n e a r l y  p a r a l l e l  t o  t h e  t r a i l i n g  edge of  t h e  t a i l  s u r f a c e .  
The p e r i o d  of' t h e  p r e s s u r e  c y c l e ,  determinet! from s t r s i n -  
gage d a t a ,  was found t o  va ry  from 1 4  t o  17 p e r c e n t  a f  
t h e  p r o p e l l e r  perj-od. The s t r a fn -gage  system was. used 
i n  determining the  p o s i t i o n  of  t h e  b l a u e  a t  t h e  time of  
t h e  maximum irnpulFe5 because o f  i t s  very  m a l l  - t ine  l a g .  
3ecords ob ta ined  i n  the  wind-tunnel t e , q t s  -.how t h a t  t h e s e  
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v a l u e s  were approximately indepen6ent o f  a p e r a t l n g  
cor:di t i c n s  . 

Static-thrust t e s t e . -  T e s t s  t o  detsrlnlne tlie e f f e c t s  - 
o f  t h e  p m p e l  l e r  r o t a t i z n a l  speed, t a i l - F u r f a c e  - pro;:eller 
spacing,  and b l ade  angle  were made a t  s t a t i c  t h r u s t  
because t h e  p r e s s u r e  d i f f e r e n t i a l  between o r i f i c e s  on 
o p p o s i t e  s i d e s  of’ the  s u r f a c e s  would be  grec l tes t  i n  t h f s  
c o n d i t i o n .  The ar,$le of’ a t t a c k  was 0’ snci tlre c o n t r o l  
s u r f a c e s  were locked i n  t h e  reut i -a1 p d s i t i m .  

The t h r i i s t  and power c o e f f l c i e n t s  a t  s t a t i c  t h r u s t  
p i , e se r t ed  i n  f i gurae 9 wt re  I n ? e g e n d e ~ t  of t a i  1- e u r f  ace - 
p r o p e l l e r  spacing: over  t he  range of t h e s e  t e s t q .  

It was observed i n  the  t ) p i c ? l  pi’ezsu:-c ~ e c o i . 2 ~  Df 
f i g u r e  8 t h a t  w i t h  each blade pasyage tYle :cj,1 qin’face 
exper ienced  two impulses 111 opp3,slte d l r e c t t ~ r q ,  12 
t h e  s t a t i c - t h r u s t  condition t h e  f i r s t  L m p ~ ’ ~ a e  was 
i n v a r i a b l y  p r e a t e r  t han  t h e  sccond ( f l g .  1Q) a r d  for 
t h i s  r e a s m  the  f’ollowtnp, a l ia lys l s  o f  p r e c 8 w e  v a r i a t f o n s  
a t  s t a t i c  t h r u s t  i a  based oli t h e  magnitude o f  t 5 e  f i r s t  
impulse.  

The v a r i a t i o n  o f  t he  f i r F t  p r e s ~ i w ~ ?  i ~ g m l . ? e  a t  t h e  
t r a i l i n g - e d g e  o r i f i c e s  o n  the  e l e v a t o r  v - i t 3  rrD2eller 
s7eed is shown i n  f i g u r e  11. From t hese  d a t a ,  t aken  
w i t h  the t a i l  s u r f a c e s  i n  2osFt ion  1, the  f o l l o w l i i E  
e x p r e s s i o n  r e l a t i n g  t h e  magnitude o f  t h e  impulse t o  t h e  
r o t a t i o n a l  speed o f  t he  p r o p e l l e r  was obta ined:  

where t h e  c o n s t a n t  K1 i n c r e a s e s  w i t h  i n c r e a s i n g  b l a d e  
ang le  and dec reases  w i t h  d i s t a n c e  f rom the  p r o p e l l e r  t o  
t h e  o r i f i c e .  

The e f f e c t  o f  t a i l -eur f ‘ace  - p r o p e l l e r  spacing 
upon t h e  peak p o s i t i v e  pyessure a t  t h e  Dr i f icer :  o f  
row8 C and D i s  shown i n  f i g u r e  12.  TlzeFe d a t a  v e r e  
o b t a i n e d  a t  f o u r  t a i l - s u r f a c e  - p r o p e l l e r  spacin?? for 
s e v e r a l  b l ade  angle?  and p r o p e l l e r  r o t a t i o n a l  speeds.  
The peak preFsure  d i f f e r e n t i a l  a s  a f u n c t i o n  o f  
t a i l - s u r f a c e  - p r o p e l l e r  spacfng can  be expreszed a?  

-* 
?in L 

= 
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where K2 i s  degendent upon b lade  anple  and p r o p e l l e r  
r o t  a t  i n n a  1 speed e 

The va1c.e o f  Kg i s  dependent only 1 

as  sh3wn i n  f i g u r e  13. 

W E  f i n d  

?on the b l a d e  a n g l e ,  

The e f f e c t  o f  b la ( ie  anEle u y r :  tkle perik p o s l t i v e  
p re s su re  d i f ' f e r * e n t i a l  f o r  several c o n s t c n t  Dropel!-er 
r o t a t i o n a l  ~ p e e d ~  i s  -;iovdn i n  figiiiae 14. Tlrls f i c u r e  was 
c o n s t r u c t e d  f r m  n o i n t s  t ake r  from t he  f a i r e i  c?ata p re -  
sen ted  i n  figJxrs 1G. k ' l g x e  1 4  c l e s r l g  s5ov:e t'ririt, f o r  
any cons t an t  q m ,  oAp i n c r e a s e s  with I n c r e a s i n g  b l a d e  
angle  and, l i k e w i s e ,  w:th dec reas ing  d iy t ance  betwcen 
the  b lade  an6 the o r i t l c e .  

Viind-t*mr;el L F F ~ F  i n  ~ o e i t i v e  t k r u e t . -  The instal?-  ---________ A --..__--- 
taneous l ~ a G i -  i n  ti;€ t a i l .  s u r f a c e s  were de temi ined  i n  
the wind tunnel  o v e r  a ycnge c f  2 r o p e l i e r  advance- 
d i a r e t e r  r a t l o e  f;.orr 0 . 4  t o  0 t h r u z t  a t  b l ade  ang le s  of 
'20@, SO', an6 403. The?€ t e s t e  'UnJ8i-e made a t  seve?a i  
ang le s  o f  a t t a c k  acd cor - t r3 l - sur face  dei'lect-loris. 

The aerodpnarrlc c h r a c t e r i s t r c s  0: t he  . Ing le-b lsde  
p r o p e l l e r  expressed i n  fcrms o f  Cy, C p J  alid q a s  
functions.  of V/nD a r e  sko-un i n  ?:cure 15 .  TYieQe d a t a  
were taken  w i t h  t h e  t a i l  i n  g o s i t l o n  1, t h e  a n @ l e  of 
a t t a c k  an6 c o n t r o l  s u r f a c e s  a t  Oo, and t h e  p r o p e l l e r  
o p e r a t i n r  a t  5@0 r p m .  

I n  t h e  wind-tunnel- t e s t 3  a t  n o s i t i v e  t h r u s t ,  a s  i n  
t e s t s  at s t a t i c  t h r u s t ,  t h e  % r s t  ;)ree:ure impulze h a s  
somewhat l a r g e r  than  the  secand. (Zee f'5.g. 16.) The 
r e s u l t s  o f  t e F t s  over  t h e  range  of p r o p e l l e r  advmce-  
diameter  r a t i o ?  f r o m  O m 5 5  t o  1 .75 a t  ;? = 40' s ~ o w  
t h a t  t h e  v a r l a t i o n  w i t h  V/nD of t h e  p r e ? s u r e  impulse 
c o e f f i c i e n t  Ap/qo mea9ured a t  the rearmost  o r i f i c e s  i n  
the  e l e v a t o r  was indepecuent  of  propeller m t a t i 3 n a l  
speed ( f i g .  1 7 ) .  These d a t a  were obta ined  Jvith t h e  t a i l  
i n  p o s i t i o n  3 ,  t he  node1 a t  0" angle  .?f a t t a c k ,  and t h e  
e l e v a t o r  and rudds r  i n  neut ra l - .  
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The r e s u l t s  ob ta ined  f r o m  the p r e s s u r e  r eco rd?  a t  
a l l  o r i f i c e s  ars  p l o t t e d  a g a i n s t  V/nD i n  f j g w e  18 f o r  
p = 23:, ZOO, and 40'. A r e v e r s a l  of s i g n  of t 5 e  p r e s -  
su re  d i f f e m r L t i a 1  8 s  t he  p r o p e l l e r  gee? f m m  p o s i t i v e  t o  
ne a t i v e  t h r u s t  Ss shqvm a t  t h e  b l ade  a n g l e s  o f  2C0 and 
3G % . 

The peak preqsure  Ap/qo a s  a f u n c t i o n  o f  d i s t a n c e  
from t h e  p r o p e l l e r  i s  shown i n  f i g u r e  19. These curves  
were o b t a i n e d  from f a i r e d  d a t a  o f  f i g u r e  13 uPing the 
p res su re2  Teasured a t  the  f i r s t  arid secdnd o r i f i c e s  
only .  These d a t a ,  ob ta ined  w i t h  t h e  t a i l  i n  p 3 s i t i o n  1, 
a r e  suDplemented a t  p = 40' by d a t a  ob ta ined  from 
t e s t s  w i t h  t a i l  i n  p o q i t i o n  3 ( f f g .  1'7). ? r w s u r e s  
recorded  a t  t b e  foremost o r i f i c e s  were r e g l e c t e d  because 
o f  i n c o n s i s t e n c i e s  i n  t h e  d a t a .  '?he peak p r e s s u r e  coef -  
f i c i e n t s  f o r  bo th  t h e  inboard and outboard rows f a l l  on 
a s i n g l e  curve ,  except  i n  the  case o f  c; = 40' a t  
va lues  o f  V/nC below 1. Thfs  rllvergence from a s l n g l e  
curve i s  prDbably a s s o c i a t e d  vlrith t h e  F t a l l i n g  o f  the  
p r o p e l l e r  b l ades .  

The r e s u l t s  ob ta ined  with the  s t r a i n  gages mounted 
i n t e g r a l  w i t h  t h e  t a b s  a r e  p re sen ted  i n  t h e  f o r n  o f  t h e  
c o e f f i c i e n t  Apt/qo as a f u n c t i o n  of p ~ ~ e l ! . e r  advance- 
d iameter  r a t i o  i n  f i e u r e  20 f o r  = 33'. ? rcszu re  
impulses  on the  r i g b t  t a b  a r e  apprec i ab ly  g r e L t e r  than 
those  exper ienced  on the  l e f t  t ab  and those  nessured a t  
the  a d j a c e n t  o r i f i c e s .  3ecause of t h e  wide Fpread i n  the  
loads  recorded  on the  r i g h t  and l e f t  t a b ?  a t  
t h e  s t r a i n - g a g e  d a t a  a r e  o f  q u a l i t a t i v e  t n t e r e ? t  only.  
G u a l i t a t i v e l y  the,?e d a t a  a r e  i n  a p c e m n t  w L t h  t h e  l o c a l  
p r e s s u r e  v a r i a t i o n s  recorded a t  t n e  o r i f i c e s  which a r e  
p r e s e n t e d  i n  f i g u r e  18. 

a = O o ,  

A n  i n v e s t i g a t i o n  of  t h e  peak p reesu re  impulse o n  
t h e  e l e v a t o r  was conducted a t  e l e v a t o r  d c f l e c f i o n s  from 
Go t o  20" and. ang le s  o f  a t t a c k  from 0' t o  -10' wi th  t h e  
rudder  i n  t h e  n e u t r a l  p o s i t i o n .  The r e s u l t s  o f  t h e s e  
t e s t s ,  p l o t t e d  i n  f i g u r e  21, show the  change I n  p re s -  
sure impulFe a t  t h e  FIX o r i f i c e s  on t h e  e l e v a t o r  a ?  a 
f u n c t i o n  o f  V/nC for t h e  va r jous  t c ? t  c o n d i t i o n s .  

i n  p o s i t i o n  1; the  p r o p e l l e r  r o t a t i o n a l  speed wa,n 
500 rpm and t h e  wind speed was var fed  t o  o b t a i n  d a t a  i n  

These d a t a  were taken  a t  p = 40' with the  t a i l  
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a s m a l l  range of V/nD n e a r  peak e f f i c i e n c y  of t he  
p rope l lL=r .  To f a c i l i t q t e  cmipar-fsori oir" t h e  curve?, 
a conA2r,site I s  p r e s e n t e d  i n  i'!pxre 22 for c o n s t a n t  
angle  of a t t a c k  a:id i n  f i g u r e  2s f o r  corLFtsnt va l l lcs  of  
e l e v a t o r  d e f l e c t i o n .  1% f s observed t h a t  t h e  r;_ag.:iitud.e 
of t he  peak pi'essure impulse g e n e r a l l y  increaFed w i t h  
p o s i t i v e  e l e v a t o r  d e f l e c t i o n  and decreaped with i n c r e a s -  
ing  nega t ive  aEcle o f  a t t a c k .  

and l e f t  t a b s  Tor  t h e  above e l e v a t o r  d e f l e c t i o n s  2nd 
angles  o f  a t t a c k  a1.e prsFe.rlted I n  f i g u r e  24 .  The 
e f f e c t  o f  t'neae vai.5 & b l r  P on t h e  in s t an tancgu?  load ing  
of t h e  t a b  i. shown c l e a r l y  i n  t h e  comporite curvee of  
f i g u r e s  25 and 26. 

Reeul t s  ob ta ined  with s t r a i n  cages on b o t h  r i g h t  

To determine t h e  e f f e c t  o f  r i i d d e r  d e f l e c t i o n  and 
angle  o f  a t t a c k  on t k e  peak Drossure impulPe LxposeC on 
the  rudder  teFts were conducted a t  rudder  d e f l e c t i o n s  
of -lo3, 0 , and 10' and anglee o f  a t t a c k  f r o n  0" 50 
-10'; t h e  e l e v a t o r  wa? i n  n e u t r a l .  Results o f  t h e s e  
t e s t s ,  preoer, ted in f i g u r e  27, show t h e  change i n  
w i t h  V/nD f o r  t h e  s i x  o r i f i c e ?  on  t k e  top ruddcr .  
The curve?  for o r i f i c e  1 (rows k and E) im2icdtc  t h a t  
t he  p r e s s u r e  c o e f f i c i e n t  i n c r e a s e s  a? t h e  rudder  d e f l e c -  
t l o n  goes f r o n  n e g a t j v e  t o  n e u t r a l  t o  p o s i t i v e .  T n o  
curves  for t h e  remaining orifices a l s o  show t h a t  the 
p r e s s u r e  c o e f f i c i e n t  i s  g r e a t e s t  a t  a rudder  p o F i t i o n  of 
lG", b u t  also t h a t  t h e  preFsure  c o e c f l c l e n t  i s  p e a t c r  
w i t h  a rudde r  p o s i t i o n  of  -10' t han  I t  i s  w i t h  t h e  
rudder  i n  n c u t r a l .  A s  t h e  t r e n d  o f  the  preFsure  coef-  
f i c i e n t s  wi th  rudder  iieflectrfon I s  not, c o n e i s t e n t  
betwern t h e  sex o r i f S c e s  o n  t h e  rudde r ,  no a t temFt  is 
made t o  c o r r e l a t e  t h e  behavior  o f  t!ie p r e s s u r e  c o e f f f -  
c i e n t s  on the  d e f l e c t e d  rudder  with those  on t h e  
d e f l e c t e d  e l e v a t o r .  

6 

Ap/qo 

, 

To determine t h e  e f f e c t  of rfidder d e f l e c t i o n  on 
t h e  load ing  o f  t h e  e l e v a t 3 r  and t h e  e f f e c t  o f  e l -eva tor  
d e f l e c t i o n  on t h e  load ing  of t h e  rudder ,  t e p t s  were 
made a t  the fo l lowing  combfnationF ~f e l e v a t o r  and 
rudder  d e f l e c t i o n s  w i t h  t he  rnoaei a t  0' a n c l e  of  a t t a c k .  
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.- I-.-- ( 4  -j-..---- (b j  
Measurements on  e l e v a t o r  Measurements on rudder  

be 6, 6e 6r 
(deg)  (de!?) (deg)  (deg)  - I 0 10 5 0 

5 10 . 10 0 
10 10 20 0 

' 20. 10 5 10 
0 -10 10 10 

20 10 
5 -10 
10 - 10 

5 -10 
10 - 10 

20 -10 
20 - 10 

1 

I 
I 

- - ' -  

The p r e s s u r e  inipulees measured a t  t h e  two rearasost 
o r i f i c e 2  on t h e  e l e v a t o r  a r e  shown i n  f i g u r e  29. The 
curves  ob ta ined  w i t h  t h e  rudder  i n  n e u t r a l  ( f i g .  22) 
a r e  superimpoEed on t h e  e x p e r f r e n t a l  p o i n t s .  The c l o s e  
agreement between t h e  two i n d i c a t e s  t h a t  rudder  d e f l e c -  
t i o n  has a n e g l i g i b l e  e f f e c t  on t h e  p r e s s u r e  impulse on 
the  e l e v a t o r .  I n  f i g u r e  30 t h e  r e s u l t s  ob ta ined  f r o m  
t h e  s t r a in -gage  measurements a r e  p r e s e n t e d  i n  t h e  same 
manner as t h e  p r e s s u r e  measurenents f o r  t h e  same d e f l e c -  
t i o n  c o n d i t i o n s .  The agreement he re  i s  not  a s  good a s .  
t h a t  o b t a i n e d  f r o m  t h e  p r e s s u r e  da t a .  

The p r e s s u r e  impulse? recorded on t h e  rudde r  a t  
e l e v a t o r  d e f l e c t i o n s  o u t l i n e d  i n  t h e  above t a b l e  
( p a r t  ( b ) )  a r e  p r e s e n t e d  i n  f i g u r e  31a Here, a l s o ,  
t h e r e  i s  c l o s e  agreement between t h e  exper imenta l  p o i n t s  
and t h e  curves  ob ta ined  w i t h  e l e v a t o r s  i n  n e u t r a l ,  i n d i -  
c a t i n g  t h a t  e l e v a t o r  d e f l e c t i o n  has a n e g l i g i b l e  e f f e c t  
on t h e  in s t an taneous  loading  of  the  rudder .  

Wind-tunnel t e s t s  i n  nega t ive  t h r u F t . -  To d e t e r n i n e  
t h e  s e v e r i t y  of t h e  peak p res su re  i n p u l s e s  i n c u r r e d  with 
t h e  p r o p e l l e r  o p e r a t i n g  a s  an a i r  brake an  i n v e s t i g a t i o n  

were made w i t h  t a i l  i n  p o s i t i o n  1, e l e v a t o r s  and rudde r s  
i n  n e u t r a l ,  over  a l i m i t e d  range of a n g l e s  o f  a t t a c k .  
The p r o p e l l e r  speed was 500 rpm and t h e  wind speed v a r i e d  
from 29 t o  100 mi l e s  p e r  hour. The aerodynamic 

w a s  conducted w i t h  a b l ade  angle  of -15 6 These t e s t s  
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c h a r a c t e r i s t i c s  of t 9 e  p m p e l l e r  o p e r a t i n g  under  t h e s e  
cond i t ions  a r e  2resentc.d i n  f i g u r e  32 ir! t h e  form of  
thxiust  and power cu rves .  

I n  nega t ive  t k r u y t  t n e  first p r c s ~ u r e  lmpalze,  
occur r ing  as t h e  b l ade  approaches t k e  t a i l  s u r f a c e ,  was 
i n  t h e  d i r e c t i o n  o f  motion of' t h e  p r o p e l l e r ,  The second 
impulse which occured h t r ed - i a t e ly  a f t e r  t h e  b l a d e  passed  
t h e  s u r f a c e  was o f  ggpos i t e  d i r e c t i o n  an3  was somewhat 
l a r g e r  t han  t h e  f i r s t  ard, f o r  t h i s  rea,oon, t he  r e s u l t s  
ob ta ined  f r o F  measurements of t h e  second peak a r e  pre-  
s en ted  thrqughoIit t h e  d i scuss ion .  A comparieon o f  t h e  
two pi-ezsure peaks i s  p re seq ted  In f i g u r e  33. 

The r e s u l t s  i n  th,e fc,rr;: cf t h e  nondimensional c3e f -  
f i c i e n t  Ap/qo alae p l o t t e d  a g a i n s t  .J/nD i n  f i g u r e  34 
for t h e  o r i f i c e s  on bo th  t h e  h o r i z o n t a l  and v e r t i c a l  
t a i l  su r f acee .  Exarnint:.ti.on of t h e  cu rves  r e v e a l s  t h a t ,  
as  i n  p o s i t i v e  t h r l i s t ,  t h e  peak p r e s s u r e  impulse dec reases  
wi th  d i s t a n c e  i n  f r o n t  o f  t n e  p r o p e l l e r .  The r e s u l t s  
ob ta ined  wi th  t h e  s t r a in -gage  rneasurenents ars p m s e n t b d  
i n  f i g i r e  35. It i?  observed t h a t , a l t i i o u g h  t h e  v a l u e ?  
o f  Ap/qo i n  nega t ive  t h r u s t  decreaFe with V/nD i n  a 
manner s i m i l a r  t o  p o s i t i v e  t h r u s t ,  t h e  a c t u a l  v a l u e  of 
t he  p r e s s u r e  impulse Ap a t  a co i i s tan t  p r o p e l l e r  ?peed 
i n c r e a s e s  w i t h  V,/nD because  o f  t2-e Ii icreaFe i n  S l a d e  
load ing  w i t h  V/n9. 

Average P res su re  D i s t r i b u t i o n  on  t h e  L e f t  E l e v a t o r  

An i n v e s t i g a t i o n  o f  t h e  e € f e c t s  qf Frope l l ey  opera-  
t i o n  on t h e  average p r e s s u r e  d i s t r i b u t i o n  over  t h e  l e f t  
e l e v a t o r  has been made a t  s e v c r a l  c o n t r o l - s u r f a c e  
d e f l e c t i o n s .  These t e s t s  were con&xtecl a t  an ang le  o f  
a t t a c k  of  0' w i t h  t h e  t a i l  f;l t h e  most f'orwarc position. 
Data were taken  i n  t h e  propel le r - renoved  cor ld i t i2n  ar?d 
w i t h  t h e  s ix -b lade  d u a l - r o t a t f n g  p r o p e l l e r  o p e r a t i n g  I n  
b o t h  t h e  pos i t i ve -and  n e g a t i v e - t h r u s t  r eg ions .  

Nind-tunnel  t e s t .  i n  p o s i t i v e  t 5 r u s t . -  'A'ith t h e  
c o n t r o l  s u r f a c e ?  n e u t r a l ,  t h e  b l a d e s  o f  t h e  f r o n t  pro-  
p e l l e r  s e t  a t  20°, and those  of t h e  r e a r  a t  19.9', 
t he  e f f e c t s  of power on t h e  average  p r e s s u r e s  over  t h e  
l e f t  e l e v a t o r  were s m a l l  (flg. ; 5 6 ( a ) ) .  A t  an e l e v a t o r  
d e f l e c t i o n  o f  2:03, however, i i i c r e a s i n g  t h e  t h r u s t  c o e f -  
f i c i e n t  r e s u l t e d  i n  s u b F t a n t i a 1  inc reaFes  i n  t h e  lohd 
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on t h l s  c o n t r o l  su r f ace  ( f i g ,  3 6 ( b ) ) .  It  i s  observed 
t h a t  t h e  g r e a t e r  p a r t  of '  t he  change i n  load ing  which 
occurTed a t  6e = 20' resuLted f r o =  :-eduction 31' t h e  
p r e s s u r e  over  t he  upper s u r f a c e  o f  t h e  e l e v a t o r .  

p r o p e l l e r s  removeC and a t  t h e  T, corresponeing  t o  
peak e f f i c i e n c y  a t  pi" = 40' ana p R  = 39.9' i s  shown 
i n  f i g u r e  37. Comparieon o f  t h e  cu rves  a t  t h e  v a r i o u s  
e l e v a t o r  ang le s  i n d i c a t e s  t h a t  t he  e f f e c t i v e n e s s  o f  t h e  
c o n t r o l  s u r f a c e s  i s  apprec i ab ly  g r e a t e r  w i t h  t he  p ro -  
p e l l e r s  ope ra t ing .  

The e f f e c t  o f  changes f n  e l e v a t o r  d e f l e c t i o n  w i t h  

V a r i a t i o n ?  i n  rud?.er d e f l e c t i o n  a r e  Thown i n  f i g -  
ure  38 t o  have e f f e c t e d  equal  changes i n  the  p r e s m r e  
over  t h e  upper and lower su r faces  of  t h e  e l e v a t 3 r  a t  
6, = 0'. A t  
p r e s s u r e  over  t ke  p re s su re  s i d e  o f  t h e  r u r f a c e  o f  t h e  
l e f t  e l e v a t o r  was independer t  o f  rudder  ang le ,  wkereas 
t h e  p r e s s u r e  on  the  s u c t i o n  s i d e  o f  t 5 e  eur face  i n c r e a s e d  
n e g a t i v e l y  w i t h  rudeer  angle .  

6, = 2C", however, t h e  d l e t r i b u t i o n  of  

Wind-tunnel t e 3 t s  i n  negative t h r u s t  .- The irives- 
t i g a t i o n  of  average presFures  was a l e o  extended i n t o  t h e  - -  
n e g a t i v e - t h r u s t  r eg ion  o f  p r o p e l l e r  o p e r a t i o n .  
t e s t s  were made w i t h  t h e  t a i l  s u r f a c e s  i n  p o s i t i o n  4 ,  t h e  
model a t  an  ang le  of a t t a c k  o f  Oo, and sll s l x  b l a d e s  o f  
t h e  d u a l - r o t a t i n g  p r o p e l l e r  s e t  a t  -15'. The e f f e c t  o f  
changes i n  t h r u s t  c o e f f i c i e n t  on the  p res su re  d i s t r i b u -  
t i o n s  on t h e  l e f t  e l e v a t o r  i s  p re sen ted  i n  f i g u r e  3 9  f o r  
e l e v a t o r  d e f l e c t i o n s  o f  -ZOO,  C o ,  and 20'. The marked 
i n c r e a s e  i n  p r e s s u r e  i n d i c a t e s  a s u b s t a n t i a l  r e d u c t i o n  
i n  t h e  dynamic p r e s s u r e  over t h e  t a i l  s u r f a c e  when t h e  
p r o p e l l e r  i s  o p e r a t i n g  i n  t h e  nega t ive  t h r u s t  reg ion .  
With t h e  c o n t r o l  s u r f a c e s  d e f l e c t e d ,  t h e  p r e s s u r e  change 
on t h e  e u c t i o n  s i d e  of t h e  surface was much g r e a t e r  t han  
t h a t  on t h e  p r e s s u r e  s i d e .  Tihe e f f e c t  of p o F i t i v e  and 
n e g a t i v e  t h r u s t  on  t h e  con t ro l - su r face  e f f e c t i v e n e s s  I s  
p r e s e n t e d  i n  f i g u r e  40 f o r  t h ree  e l e v a t o r  d e f l e c t i o c s .  
I n  t h i s  f i g u r e  an  i n d i c a t i o n  of t he  f o r c e  a t  t h e  inboard  
b e l t  on  t h e  l e f t  e l e v a t o r  was found a s  

The 

0,831 
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where c is t h e  pe rcen t  chgrd o f  t 5 e  e l e v a t o r .  The 
e f r ec t ivc r i e s s  c f  t h e  c 9 n t r o l  PurfacsF Is i n c r c a s s d  i n  
p o s i t i v e  t h r u s t  and d e s r e a s e a  i n  ne82 ti77c t n r u ? t .  A 
r e v e r s a l  i n  c o n t r J 1  f 'or  t h e  6, = 32' corc? i t ion  
occurred  a t  a va lue  G f  Tc  = -0.73. 

P r o pe 1 1 e r Char ac t e r i s t i  c P 

Because t h e  e f f j c i e n c g  oi' 8 p, roge l le r  i s  i f u n c t i o n  
o f  t h e  v e l o c i t y  f i e l d  i n  which i t  o p e r a t e s ,  t he  aerodg- 
naqic  c h a r a c t e r l s t i c s  OP t h e  s fx-b laae  d u a l - r o t z t i n g  
prDpel le r  were determined for several. e l e v a t o r  and 
rudder d e f l e c t i o c s .  7he.e teq-t,? w e r e  made w i t h  t h e  t a i l  
s u r f a c e s  i n  p o s j t i o L i  4 sfmulat1r,g %E t a i : - s u r f a c e  - 
prope l l en  spacing 2rnposed fq r  ibe E r s t  : ' light a i r ;? lane .  

f i g u r e  4 1  t o  have been inc reasea  apprcx i i i a t e ly  ,? r c e n t  
by d e f l e c t i n g  t h e  e l e v a t o r  froin t h e  O@ t o  t h e  -20 posi--  
t i o n .  A c o ~ p o s i t e  of' t h e  propuLsfve e f f i c i e n c y  curves  
f o r  f i g u r e  4 1  i s  preFented. I n  f l p . r e  42. 

g e  

The t h r u s t  upon which t h e s e  efficiencies wei-e based 
i p  d e f i n e d  a.z t he  d i f f e r e n c e  between t h e  drag  o f  t he  
mode l  w i t h  power on a rd  w i t h  t h e  propeller rc.noved f o r  
the same c o n f i g u r a t i o n ;  t i z l ~ s ,  any r e d u c t i o n  i n  separa-  
t i o n  frov. t he  d e f l e c t e d  sui.f&ces i n f l u e n c e d  by tne  pro- 
p e l l e r  w i l l  appcar as increase",  pr>op;ilsive e f f i c l e n c y .  

p r o p e l l e r  a t  b l ade  a n g l e s  of 20",0300,  and 40°, anC 
e l e v a t o r  d e f l e c t i o n s  af 0' and 20 is ~hown i n  Cigure 43. 
E f f i c i e n c y  envelopes for each o f  t h e s e  c o n d l t i g n ? ,  g iven  
i n  f i g u r e  44, i n d i c a t e  as  inllch as 2 pe rcen t  h i z h e r  e f f i -  
c iency  when t h e  e l e v a t o r  i s  i e f l c c t e d  f r o x  the  n e u t r a l  
p o s i t i o n  t o  20' i r k  t h e  V/n3 ra-age of  1 .0  t o  2 . 2 ,  but  
as  much as 4 pe rcen t  lower e f f i c i e p c y  be lo-^ V / n D  = 1.0. 

A comparison of o p e r a t i o n a l  c k a r a c t e r l s t i c s  of  t h e  

The ini ' luence of rudder  d e f l e c t i o n  on +,;:e aerody- 
namic c l - a r a c t e r i s t i c s  o f  thc  p r o o c l l e r  ( f i g .  45) waz 
n e g l i g i b l e .  A composite of' the  yi:opulsive e f f i c i e rAr ,y  
curves  frbm f i g u r e  45  i s  p re sen tcd  i n  f ' i&ure  46.  L i f -  
f e r ences  i n  t h e  e f f e c t  o f  rudcier ar,d e l e v a t o r  der'lec- 
t i o n s  on t h e  p ropu l s ive  e f f i c i e n c p  a r e  probably  az?o- 
c f a t e d  w i t h  d i f f e r e n c e s  in tlLe r a t t o  o f  t h e  c o n t r o l  
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s u r f a c e  span t o  p r o p e l l e r  diameter and t o  t h e  f a c t  t h a t  
t he  lower rueder  on tile t e s t  se tup  opepated i n  t h e  wake 
o f  t h e  su'p2ort s t i -ut .  

Negative -.-I_-- t h r u s t . -  Data concerning the n e g a t i v e -  
t h r u s t  c h a r a c t e r i s t i c s  of the  s ix-blade d u a l - r o t a t i n g  
p i > o p e l l e r  i n  t h e  n e g a t i v e - t h r u s t  r e g i o n  were a l s o  
r eques t ed .  The ang le s  o f  a t t a c k  of  t h e  model s e l e c t e d  
from d a t a  f u r n i s h e d  b y  t h e  Dovglas conpany were -6.6 ' ,  
- 2 . 6 O ,  and 0 . 4 O ,  coryecponding t o  ang le s  o f  a t t a c k  of 
t h e  horfzorl ta l  t a i l  a t  a i r p l a n e  l i f t  c o e f f i c l e n t s  o f  
approximately 0.5, 1.0,  and 1.5. 

Nega t ive - th ruz t  c h a r a c t e r i s t i c s  o f  t h e  s ix -b lade  
d u a l - r o t a t i n g  p r o p e l l e r  were not  a f f e c t e d  b y  a change 
of  a n g l e  of a t t a c k  x i t h i n  the  range of  anglee of a t t a c k  
t e s t e d .  (See f i g .  47,)  The t e s t  p o i n t s  ob ta ined  a t  
a = 0.4' a r e  p l o t t e d  i:! f ig i ? re  47 w i t h  the  curve drawn 
through t h e s e  t e F t  p o i n t 3  conmon t o  t h c  angles  o f  a t t a c k  
of  - 6 , 6 O  and - 2 . 6 O .  

The model wap s e t  a t  an angle  o f  a t t a c k  o f  0' i n  
t e s t s  t o  determine the  e f f e c t  of e l e v a t o r  d e f l e c t i o n s  
upon t h e  n e g a t i v e - t h r u s t  c h a r a c t e r i s t i c ?  o f  t h e  s i x -  
b l a d e  d u a l - r o t a t i n g  p r o p e l l e r .  The r e s u l t s  o f  theFe 
t e s t s ,  p r e s e n t e d  Zn f i g u r e  48, show t h a t  e l e v a t o r  
d e f l e c t i o n s  of  f20" reduce t h e  va lue  o f  CT bj7 n o t  
more t h a n  3 percent  a t  a va lue  o f  V/nD = 3.0.  

SUMMARY OF hES'C'LTS 

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  &re  summarized 
as fol lows:  

1, With every b lade  passage, t h e  c o n t r o l  s u r f a c e s  
expe r i enced  unequal p r e s s u r e  irnp!iLees i n  oppqs i t e  d i r e c -  
t i o n s .  I n  p o s i t i v e  t h r u s t  t h e  f i r s t  i u p u l f e  irr,parted 
a p o s i t i v e  r o l l i n g  moment t o  t h e  model, whi le  i n  nega- 
t i v e  t h r u s t  t h e  r eve r se  was t r u e ,  

2. I n c r e a s e s  i n  b l ade  angle  o r  r o t a t i o n a l  speed 
f o r  a g iven  advance r a t i o  and decreases  i n  t a i l -  
s u r f a c e  - p r o p e l l e r  spacing inc reased  t h e  p r e s s u r e  
impulse c o e f f i c i e n t s  on the  t a i l  s u r f a c e s  i n  p o s i t i v e  
dynamic t h r u s t  and, t o  a g r e a t e r  degree ,  i n  s t a t i c  t h r u F t .  
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3 .  D e f l e c t i n g  the c o n t r o l  s u r f a c e  away from t h e  
?..dvsncIng S l ~ d e  iEcreazec? t h e  2resFure  impiilae c o e f f i -  
c i e - i t  on the elcvLtoL7. 

4. ‘The p r e s z ~ u r s  impulse c o e f f f c i e r t  311 t h e  e l e v a t o r  
decreased  w i t h  i s c r e a s i n g  i iega t ive  ang le  o f  a t t a c k .  

5. I n  nega t lve  t h r u s t ,  t h e  peak in s t an taneous  p r e s -  
su re  on  t h e  t a l i  su rzaces  i n c r e a s e d  wTth Drope l l e r  
advance-diameter I . a t i o  a n d  decreased  with increa ,o ing  
t z . i l - s u r f a c e  - aropel3  e r  spac ing .  

6.  The cor i t roI -sur face  e f f e c t i v e n e s s  i n c r e a s e d  w i t h  
p o s i t i v e  p r o p e l l e r  t h r c s t .  

7 .  The r e s u l t a n t  load’iig 01 t h e  l e f t  e l e v a t o r  a t  
6, = 0’ w a e  independent  o f  r l idder anp le .  K i t h  t h e  
e l e v a t o r s  d e f l e c t e d  20°, t h e  d i s t r i b u t i o n  on t h e  p r e s s u r e  
su r face  of  t h e  l e f t  e3evatol i  was independe1;t o f  rudder 
angle  whi le  t h e  pressiiile o n  t h e  s u c t i o n  s i d e  of t h e  
su r face  inci-eased n e g a t i v e l y  with i n c r e a s i n e  rudder  
angle .  

cons ide rab ly  reduced I n  t n e  negative-thrus t cond i t ion ,  
and a t  a va lue  o f  T c ,  which might be enc9 .mtered  i n  
u s h g  t h e  p r o p e l l e r  a s  a brake  i n  landiFg ,a  r e v e r r a l  
i n  c o n t r o l  was i n d j  c a t e d .  

8. The e f f e c t i v e n e s s  o f  t h e  c o n t r o l  s u r f a c e ?  was 

I 

9. The envelope e f f i c i e n c y  o f  t h e  s ix-b lade  dua l -  
r o t a t i n g  p r o p e l l e r  decreased  a E  muc1-. a?  4 p s r c e n t  when 
the  e l eva to i ?  i s  d e f l e c t e d  Prom t h e  n e u t r a l  p o e i t i o n  t o  
20’ i n  t h e  low V/nG raRge afid i n c r e a s e d  as much as  
2 pe rcen t  i n  the  high V/nD range .  

10. A 3-percent  incr iease  in tile peak p r o p u l s i v e  
e f f i c i e n c y  of t h e  s ix -b lade  dua l - ro t a t t r i g  p r o p e l l e r  was 
r e a l i z e d  when the  e l e v a t o r  was d e f l e c t e d  from t h e  
n e u t r a l  p o s i t i o n  t o  -20’ for t h e  ’01-ade F e t t i n g s  of  
P F  = 40°, $2 = 39.3’ .  
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11. The n e g a t i v e - t h r u s t  c h a r a c t e r i s t i c s  o f  the s i x -  
b l ade  dual -rclts.2iiig g r o p e l l c r  w e r e  n o t  a f f e c t e d  b ; T  changes 
ir! angle  5f' L t t ach  u l t h i r ,  the  raiige o f  t h e s e  te3t,c b u t  
were a f f s z t e a  s l rg ln t ly  by d e f l e c t f o n  o f  t h a  € l e v a t o r s .  

La.ng 1 e y Memo i' i a 1 Aero nau t i c a1 Lab o r a t Q r ;- 
National k d ~ r i  For.yr Csmait tee  f o r  A e r o m i i l i c ?  

Larigley F ie tu ,  Vz., AToveriiber G ,  1944 
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1, Lascheve?, N. L,, and Sti-Tckland., John T.: Vibration 
and S t r a i n  Meaeurements i n  the A - 1 7  Ai rp lane  as 
S e t  up i n  the Khi r l  M g  to Simulate  the  XA-42 Air- 
p lane .  Confid.entla1 !demo. Rep. TJo. EgG-51-584-1, 
Materiel Comand, Army Air Forces ,  Nov. 15, 1943. 

P r e s s u r e  D i s t r i b u t i o n .  WACA RB, Feb. 1943. 
2. Corson, Blake N . ,  Jr.: The B e l t  Fethoc? f o r  Measuring 
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figure /. - Geoera/ orrangemenf of fhe XB- 42 fail s u r f  ace -pmpe/ler in f e r  ference mode I 
showing o r i f i c e  and fa6 hcajions. 
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Figure 2.- Plan -form and blade-form curves far 
propeller. 31.55- 6 h g h t  bud) and 3/56-6 (/eft hand) 
Q diameter; R, radius 70 ?he Tip,! r; 5- fa tion rudiu5; 4 section chord, 
h. section thicmesrs; p, geometric pitch. 
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Point  of break in the tirnek c i rcu i t .  

plane of the le f t  horizontal  t o i l  sur face .  

Poin t  a t  w h i c h  ,ber7K bressuve  occurs. 

- 
---- Point of which Q o f  Blade  coincides wifh t h e  

-_- - - - - - 

I_- 3 6 0 ' 4  
I KO- 

- 
I F 
'I I 111 I I I  race o t  ierr srrarn 

- Direct ion o f  f i l m  t ravel  
NATIONAL ADVISORY 

COMMITTEE FOR A E R O N A U M  

F i g u r e  8 . -  Typical t e a t  recorde  mholtlng the oorralation or the 
prssrux-8 peaks wlth blade poeltlon. 
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+- t 

rlgure 9.- btatla-thrust OharaCter18tiQ8 Of the 
one-bladed propeller. All tall 
suriaae poeitions; a = ob; 
8e = 0"; S, a 0'. 
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F i g u r e  10,- A comparison of the magnitudes of the first 
and second pressure impulse at  s t a t i c  
thrush. Tall surfacea In p o s i t i o n  1; 
a - 0 ; 6, = 00; 6, = 00. 
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F i g u r e  13.- Valuee of K mmputea from static- 
thrust reeal tr .  
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Figure 14.-  The peak posit ive pressure differential  on ths horizontal elevator 
ae a function of B for conetant values of repeller-rotational 
speed. Tall  auriacea in poeition 1; a = Og; ge - 00; tir = 00. 
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(a) = zoo. 
Figure  19.- V a r i a t i o n  of the peak prerrulr ooof f io lent  with 

dlrtanm fraol the propeller for  mnrtant valuer 
of V/nD. a = CP; 8, - 00; 6, = 00. 
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Figure 19. Concluded. 



MR No. L4K09 



MR No. L 4 K C 9  



MR No. L4K09 



MR No. L4K05 



MR No. L4K09 



MR NO. L4K03 



MR No. L4K09 



PiR No. L4K09 



MR No. L4K09 



MR. No. L4K09 



MR No. L 4 K O S  



MR No. L4K09 



MR No. L4K09 



MR No. L 4 K G 9  



MR No. L4K09 



MR No. L 4 K O F )  



MR No. L4K09 



MR No. L4K09 



MR No. L4K09 . 



MR No. L4K09 



MR No. L4K09 

I 

N 
PI 

. 



MR No. L4K09 

Figure 33.- Representative ourves snowing the first and 
second peak preeeure c o e f f i c b n t e  In the 
negative-thrust condit Ion. Tall p r i a c e e  
In p o e l t l o n  1; p = -15'; a = 0.4 , 
8 ,  = Oo; 6, * 00. 
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figure 4 I. - Aerodynamic chumc/erisfjcs of the six-  blode dud- 
rotding prope//er of sever01 e/evutur def/ectfions . 
Gi/ jurbces in ,oosiflon 4j &=40> ,4=39.3; OC= 0s 
c$=o: 
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F i g u r e  42 .- Effect of elevator defleation on the propulelve 
eff ic iency.  Tall surdaoee i n  position 4; 
pF = 40'; BR = 39.3'; a * 0'; 8 ,  f oo. 
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pigum 46.- Efieot of rudder defleotlon on tns pmpuleiw 
eii ioienoy. 
BP = 40'; PA = 39.3'; a = 0'; 6, 7 0'. 

Tall surfaces in posi t ion  4; 
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F l g u r e  47 - Negetim tKruat characterletloe of the elx-b%de dual.-rotating p r T l l e r .  
T a l l  sljrfaces in pO6itiOn 4; Br - PR = -15 ; a = 0.4O; 6, I 0 ; 
6 , = Q .  
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